Background/Aims: Non-alcoholic fatty liver disease (NAFLD) is one of the most prevalent chronic liver diseases in recent years. The aim of this study was to evaluate the effects of sitagliptin with and without a synbiotic supplement in the treatment of patients with NAFLD. Methods: In total, 138 NAFLD patients aged 18-60 years were enrolled in the study. Patients were randomized to one of the following treatments for 16 weeks: Group I (n=68), sitagliptin 50 mg daily plus placebo (one capsule per day) or group II (n=70) sitagliptin 50 mg daily plus synbiotic (one capsule per day). Changes in fasting blood glucose (FBS), liver enzymes, lipid profile, and body mass index were compared between the groups. Results: The mean change in FBS with sitagliptin-placebo from baseline was -10.47±5.77 mg/dL, and that with sitagliptin-synbiotic was -13.52±4.16 mg/dL. There was a significant difference between the groups (P<0.001). The mean change in cholesterol (Chol) was -8.34±28.83 mg/dL with sitagliptin-placebo and -21.25±15.50 mg/dL with sitagliptinsynbiotic. There was a significant difference between the two groups (P=0.029). The administration of sitagliptin-placebo induced an increase of 6.13±27.04 mg/dL in low density lipoprotein (LDL), whereas sitagliptin-synbiotic induced a decrease of 14.92±15.85 mg/dL in LDL. A significant difference was observed between the two groups (P<0.001). On the other hand, in the sitagliptin-synbiotic group, there was significant improvement in aspartate aminotransferase (AST) level compared to the sitagliptin-placebo group (P=0.018). Conclusions: Sitagliptin-synbiotic produced greater improvement in FBS, AST, Chol, and LDL compared to sitagliptin alone in patients with NAFLD. (Clin Mol Hepatol 2018;24:331-338) Keywords: Non-alcoholic fatty liver disease; Randomized controlled trial; Synbiotic; Sitagliptin Copyright © 2018 by Korean Association for the Study of the Liver This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is one of the most prevalent chronic liver diseases in the world.
1,2 NAFLD refers to liver steatosis in the absence of other secondary causes of accumulation of fat in the liver. This chronic disease can be limited to simple steatosis, however, when the disease is associated with inflammation, it can progress to non-alcoholic steatohepatitis (NASH). The likelihood of progression of NASH to liver fibrosis, cirrhosis and eventually to hepatocellular carcinoma (HCC) is high. [3] [4] [5] [6] The possibility of progression of simple steatosis to NASH, chirosis and HCC within a period of 10 years is 12-40%, 15-25%, and 7%, respectively. 7 The prevalence of NAFLD is not precisely obvious, due to the absence of simple and non-invasive ways of diagnosing a large number of patients without any complication. 8, 9 It is estimated that the worldwide prevalence rate of NAFLD is about 25-45%. 10 The most significant histological finding in non-alcoholic fatty liver disease is the increase in the level of fat in the liver cells. However, NAFLD pathogenesis is not well known presently, but the most familiar pathway is insulin resistance. On the other hand, oxidative stress and inordinate activation of the immune and inflammatory systems of the body are regarded as another pathway in the pathogenesis of NAFLD. [11] [12] [13] It seems that the successful control of these main pathways involved in the pathogenesis of NAFLD (insulin resistance and oxidative stress with excessive immune and inflammatory activity), is an imperative step in the treatment of NAFLD. Other non-drug therapies that can be adopted in the treatment of NAFLD include lifestyle modification, weight loss and daily physical activity. Presently, various treatment options that target each aspect of the NAFLD's pathogenesis have been explored and advocated. One of these therapies involves the use of new anti-diabetic drugs that affect the glucagon-like peptide-1 (GLP-1) pathway. This hormone controls blood glucose by stimulating insulin secretion, thereby increasing the oxidation of fatty acids in the liver and the sensitivity of insulin blood glucose levels. These drugs include analogues of GLP-1 (exenatide, liraglutide) and dipeptidyl peptidase-4 inhibitor (sitagliptin, vildagliptin, saxagliptin). DPP-4 is a membrane peptidase that targets GLP-1 and makes it inactive. The inactivation of GLP-1 induces glomerular intolerance and hepatic steatosis. In addition, as regard the activity of peptidase, DPP-4 is associated with stimulation of the immune system, reduction of extracellular matrix and accumulation of lipids. DPP-4 is expressed in high levels in the liver; and by extension, according to information obtained in recent years; DPP-4 has been discovered to be involved in the progression of many chronic liver diseases, such as hepatitis C, NAFLD, and HCC. DPP-4 inhibitors such as sitagliptin, can enhance steatosis, liver damage, and glucose disorders in NAFLD patients; although, they also play a key role in the inhibition and regulation of the immune system involved in the pathogenesis of NAFLD. 14, 15 Additionally, gut dysbiosis is said to be associated with obesity, diabetes, metabolic syndrome and NAFLD through excess energy production, disruption of host energy metabolism, pro-inflammatory signals, and finally, the direct effect of hepatotoxicity of bacterial productions such as ethanol and ammonia. Consequently, changes in the intestinal microbial flora and subsequent inflammatory responses play a significant role in liver diseases, especially NASH and cirrhosis. [16] [17] [18] [19] Prebiotics are indigestible carbohydrates that have beneficial effects on the host by creating a suitable environment for the growth of probiotics. Probiotics, which are also regarded as liver microorganisms have beneficial effects on the host when they are utilized in ample quantity by modulating the intestinal microbial flora and regulating the immune system. Today, there are drugs in the market called synbiotic that combine the properties of prebiotics and probiotics. Daily use of prebiotics and probiotics is believed to slow down the progression of NAFLD and forestall further degeneration of the disease owing to their ability to control intestinal flora, intestinal permeability and inflammatory responses. 6, 9 It therefore seems that the administration of synbiotics in combination with sitagliptin can be more efficacious in the treatment and management of NAFLD patients considering the potency of their complementary roles. The hypothesis we wished to test was whether sitagliptin with and without a synbiotic supplement would be beneficial in the treatment and management of NAFLD patients.
MATERIALS AND METHODS
Patients with NAFLD were recruited for the randomized, double blind trial between September 20, 2015 
Study design
The sample size was computed based on primary information obtained from the study conducted by Wong et al., on ALT. 20 Considering α=0.05 and a power of 80%, the sample size was computed as 66.17 (≈ 67) per group. This number was increased to 70 per group to accommodate the anticipated dropout rate. Participants were randomly selected into 2 groups using a block randomization technique of size 4.
Patients were assigned in a 1:1 ratio to one of the 2 groups for 16 weeks of treatment, either (1) sitagliptin (50 mg once daily) and placebo (maltodexterin) (once daily), or (2) sitagliptin (50 mg once daily) and synbiotic (500 mg once daily).
At enrollment, the NAFLD patients were advised by a dietitian on the need for energy balanced diet and physical activity according to the "Clinical Guidelines on the Identification, Evaluation, and Treatment of Overweight and Obesity in Adults" from the NIH and the North American Association for the Study of Obesity. 21 In group 1, the treatment commenced with one tablet of sitagliptin per day (50 mg/daily) and one capsule of placebo (maltodexterin) per day. In group 2, the treatment started with one tablet of sitagliptin per day (50 mg/daily) and one capsule of synbiotic per day (500 mg/daily). Each synbiotic capsule (Familakt) contained 10 9 colony forming unit (CFU) of 7 strains of friendly bacteria (Lactobacillus casei, Lactobacillus rhamnosus, Lactobacillus acidophilus, Lactobacillus bulgaricus, Bifidobacterium breve, Bifidobacterium longum, Streptococcus thermophilus) and prebiotic (fructooligosaccharide) and probiotic cultures (magnesium stearate [source: mineral and vegetable] and a vegetable capsule [hydroxypropyl methylcellulose]).
Paraclinical assessments
The weight and height (anthropometric measurements) of all the patients included in the study were measured at baseline. The weight of the patients was remeasured at week 16. Each individual's BMI before and after treatment was computed using the following formula: BMI=weight (in kg)/height (in m 2 ). In this study, a precision weighing scale with a precision of 0.5 kg, and which was calibrated everyday was employed. To measure the height, the tape meter with a precision of 0.5 cm was used.
Clinical assessments
Serum levels of FBS, ALT, aspartate aminotransferase (AST), cholesterol (Chol), triglyceride (TG), low density lipoprotein (LDL) and high density lipoprotein (HDL) were measured at 0 and 16 weeks. All biochemical assessments were carried out in the same laboratory (central laboratory of Vali-e-Asr Hospital) employing standard laboratory techniques. The biochemical assessments were performed on blood collected after overnight fasting (at least 12 hours).
Adherence to treatment protocol
To ensure that patients adhere to diet and medication regimen, each week a trained person reminds the patients of the necessity and importance of adherence to their treatment regimen through telephone calls.
At the beginning of the study, each patient was informed about the possible side effects of the medications, and advised not to dismiss the researcher and report to the hospital as soon as possible if they had any complications. The phone number of one of the researchers was also made available to patients.
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Statistical analysis
Data were analyzed employing SPSS software, version 24 (IBM Corp., Armonk, NY, USA) and results were expressed as mean± standard deviation or percentage. For all analyses, a P-value<0.05 was considered statistically significant. The normality of the distribution of variables was investigated by the Kolmogorov-Smirnov test. Chi-square test was used to compare the qualitative variables. Independent t-test was employed to compare the median of quantitative variables between the two groups. Paired t-test was used to compare the median of quantitative variables before and after treatment in each group. Logistic analysis was used to identify any difference between the two groups after intervention, in terms of lipid profile.
RESULTS
From September 2015 to August 2017, 140 patients were enrolled in the study and randomly assigned into two groups: sitagliptin-placebo group (group 1) (n=70) and sitagliptin-synbiotic group (group 2) (n=70). Sixty-eight patients in the first group and all the patients in the second group completed the study. Patient screening, enrollment, and retention in treatment group are presented in Fig. 1 .
In this study, 39.5% of the participants were female and 60.5% were male. In the first group, 44.1% were female and 55.9% were male while in the second group, 35.7% were female and 64.3% were male. There was no significant difference between the two groups (P-value=0.338). The baseline clinical and demographic data of the two groups are summarized in Table 1 . As shown in the table, there was no significant difference between the two treatment groups in terms of basic characteristics.
At the end of the 16-week treatment period, a significant improvement in liver enzymes was observed in both groups before and after treatment. In comparison with the sitagliptin-placebo group, patients taking sitagliptin-synbiotic had a significantly higher decrease in AST: we reported the amounts of ALT and AST before and after intervention seperately. ALT Table 3 ). The difference between the changes observed in the two groups in terms of Chol and LDL was statistically significant (Table 4) .
With the use of logistic analysis, it was concluded that the sitagliptin-synbiotic combination therapy was more efficacious than the sitagliptin-placebo composition on blood TG levels in the range of 150 to 200. In addition, this combination therapy showed the highest efficacy in the levels of 130≤ LDL<160 when compared to sitagliptin-placebo combination (Table 5) .
FBS also decreased significantly in both groups before and after treatment. The reduction in the sitagliptin-placebo group compared to the sitagliptin-synbiotic group was as follows: FBS decreased as much as -10.47±5.77 compared to -13.52±4.16 (P<0.001). Values are presented as mean±SD unless otherwise indicated. FBS, fasting blood glucose; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Chol, cholesterol; TG, triglyceride; LDL, low density lipoprotein; HDL, high density lipoprotein; BMI, body mass index. Values are presented as mean±SD unless otherwise indicated. FBS, fasting blood glucose; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Chol, cholesterol; TG, triglyceride; LDL, low density lipoprotein; HDL, high density lipoprotein; BMI, body mass index.
Additionally, a significant decrease in weight and BMI was observed in both groups (Table 2 and 3) ; however, no significant difference was observed between the two groups in relation to the aforementioned variables (Table 4) .
Adverse events such as peripheral edema, decreased blood sugar, diarrhea, constipation, nausea, spinal osteoarthritis, upper respiratory tract infection occurred in none of the patients in each treatment groups.
DISCUSSION
Today, various therapies for the treatment of NAFLD have been proposed; however, the relative risk benefits of the different therapies remain one of the most challenging aspects of the treatment and management of NAFLD. Lifestyle changes including dietary habits and participation in regular physical activity are typically part of the standard recommendations. 22, 23 To the best our knowledge, this was the first randomized, double-blind clinical trial that evaluated the effects of combination of sitagliptin-synbiotic in comparison with sitagliptin alone on the characteristics of NAFLD.
The present study revealed that the combination of sitagliptinsynbiotic as against sitagliptin alone significantly reduced the levels of FBS in NAFLD patients. Various studies have suggested that Lactobacillus and Bifidobacteria found in synbiotic and probiotic compounds can enhance the levels of FBS. 24, 25 The reason for this is that the bacteria present in the synbiotic compounds increase glucose uptake by stimulating the production of insulinotropic polypeptides and glucagon-like peptides (GLPs) by modifying the intestinal microbial flora. 26 On the other hand, sitagliptin is a drug that increases the survival of GLPs especially GLP-1 by inhibiting the enzyme DPP-4. [27] [28] [29] Consequently, these two drugs can further improve blood glucose levels in patients with fatty liver and impaired fasting plasma glucose by reinforcing each other's effects. To date, only few studies have been conducted on the effects of sitagliptin on lipid profiles. Our study revealed that treatment with sitagliptin for 16 weeks significantly reduced TG levels in the first group. In parallel to our study, Koren et al. 30 , in their research on patients with type 2 diabetes mellitus reported that treatment with sitagliptin for 3 months significantly affected the level of TG. However, changes in the total serum Chol, LDL, and HDL levels were not statistically significant. The current study notwithstanding, the effects of sitagliptin on improvement of LDL and Chol have also been reported in some studies. This improvement may be due to strict adherence to diet and exercise regimen and the long duration of the studies. 31, 32 How sitagliptin improves lipid profile is not well known, but it is said that gastric inhibitory polypeptide (GIP) can purify the circulating chylomicrons by stimulating the activity of adipose tissue lipoprotein lipase. 33, 34 On the other hand, GLP-1 can decrease the secretion of triacylglycerol after meal. 35 Consequently, sitaglipin with its protective effects on GIP and GLP-1 can possibly improve lipids status. Our study demonstrated that when synbiotic is added to sitagliptin, it can enhance lipid profiles further. Recently, some studies on animal models have suggested that the use of synbiotic can lead to improvement in lipids status. 36, 37 In addition, some authors have spoken about the positive effects of synbiotics on metabolic syndrome. 38 The positive effects of synbiotics on lipid profiles might be justified by the production of short chain fatty acids, carbon disulfide, methyl acetate, assimilation of Chol in the gastrointestinal tract, enzymatic deconjugation of bile acids and alteration of Chol to form coprostanol in the intestine. 24, 39 Logically, the more potent effect of sitagliptin-synbiotic seems to be that the two drugs play complementary roles in the body in terms of improving lipid profiles. Furthermore, this study had several limitations. One of the limitations of this study was the lack of histopathological confirmation, which could not be done on ethical grounds. Another limitation of this study was the patients' follow-up period. Perhaps the time of follow-up was not enough for some long-term effects such as weight loss.
Generally, the findings of this study are relevant due to the fact that the major risk factors of NAFLD such as obesity, type 2 diabetes, dyslipidemia, and metabolic syndrome are on the increase owing to the industrialization of societies, the mechanization of a lot of daily activities, and lack of exercise and inappropriate diet. 40 The prevalence of NAFLD in the coming decades seems to be much higher than its current status. Additionally, NAFLD patients have elevated blood glucose, lipids, blood pressure, and cardiovascular diseases and life expectancy also decreases in these patients. 16, 41, 42 Considering the complications, morbidity and mortality resulting from it, it is imperative to pay special attention to the disease. On the other hand, although today, NAFLD's non-pharmacological treatments such as lifestyle modifications, proper diet and increased daily activities are said to be much more efficacious than pharmaceutical treatments; however, due to the failure of patients to adhere to these methods in the long-term, attention to and review of drug therapies is inevitable. 17 Our results show that the combination of sitagliptin-synbiotic as against sitagliptin alone can better improve AST, FBS, Chol, and LDL in NAFLD patients. The benefits reported with administration of synbiotic in this study support the results of larger studies with histological endpoint in patients with NAFLD. Through this method, a reference for choosing the best options for treatment of NAFLD patients can be provided.
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